Flash pulmonary edema frequently develop in case of bilateral renal artery stenosis and unilateral renal artery stenosis with functional solitary kidney. In some rare cases, unilateral renal artery stenosis with bilaterally functional kidneys may also lead to flash pulmonary edema. Here, we present a case of flash pulmonary edema caused by accessory renal artery stenosis. To our knowledge, it is the first case reported in the literature.
Introduction
Hypertensive flash pulmonary edema (FPE) results from rapid elevation of the left ventricular end-diastolic pressure. Absence of underlying valve disease or cardiomyopathy, it is usually caused by renal vascular disease. It may frequently develop in case of bilateral renal artery stenosis (RAS), unilateral RAS and accompanying functional solitary kidney. 1 However, unilateral RAS with bilaterally functional kidneys may also lead to a clinical picture of pulmonary edema. 2, 3 This paper presents a case of FPE caused by accessory RAS in a hypertensive patient with bilaterally functional kidneys.
Case presentation
A 59-year-old male patient presented to the emergency department with rapidly developing shortness of breath and impaired consciousness after a 12-hour long road trip. The patient was hypertensive for 4 years but not taking any medication. He was a current smoker (46 pack-years). On initial presentation, blood pressure was 255/133 mm Hg, heart rate was 110 beats/min, and peripheral oxygen saturation measured with pulse oximeter was 50%. Infusions of intravenous nitroglycerine at the rate of 30 mcg/ min and intravenous furosemide were administered. Initial blood tests showed slight elevation in blood glucose (243 mg/dL), blood urea (51 mg/dL), and creatinine (1.28 U/L) levels. Blood gas analysis revealed severe hypoxemia (pO 2 : 42.5 mm Hg, sO 2 : 50%), hypercarbia (pCO 2 : 73.6 mm Hg), and mixed acidosis (pH: 7.007). Complete blood count was normal except increased level of leukocytes (17 Â 10 3 /mL). Troponin level was within the reference range. NTproBNP was elevated (3340 ng/L). D-dimer (2160 ng/mL, reference: 0-243) and fibrinogen (678 mg/dL, reference: 200-393) levels were increased. The telecardiogram showed patchy alveolar infiltrates indicative of pulmonary edema (Fig. 1A, B) . In transthoracic echocardiography, left ventricular end-diastolic diameter was 5.0 cm and ejection fraction was 55%. Right chambers of the heart were not dilated. Minimal mitral regurgitation was observed. Left ventricular hypertrophy (septum: 1.4 cm, posterior wall: 1.1 cm) and ascending aortic dilatation (4.5 cm) were other co-existing abnormalities. The symptoms of the patients gradually decreased with non-invasive mechanical ventilation and medical treatment.
The following day, heart failure symptoms were completely resolved and patient was hospitalized. The follow-up echocardiography revealed grade 2 diastolic dysfunction. In renal ultrasonography, right kidney was measured as 110 Â 62 Â 36 mm, left kidney as 118 Â 56 Â 44 mm; parenchymal disease and collecting system dilatation were absent. In Doppler sonography examination, the left renal artery flow rates were normal while the right renal artery could not be assessed due to rotational anomaly. The patient underwent coronary and renal angiography. No occlusive lesion was present in the coronary arteries. Double renal arteries were supplying the right kidney and the upper accessory renal artery had an ostial stenosis of 95% ( Fig. 2A, B and C) . Percutaneous renal artery revascularization was planned. Intrarenal nitroglycerin was administered and following a 3.0 Â 17-mm balloon predilatation, a 4.0 Â 12-mm coronary stent was successfully implanted (Fig. 2D) . Post-procedural one-month follow-up demonstrated that the arterial pressure was under control with antihypertensive monotherapy.
Discussion
Pulmonary edema is one of the major clinical pictures resulting in admission to emergency room. 4 It usually accompanies an underlying problem impairing cardiac systolic or diastolic functions. It was described for the first time by Pickering et al in 1988 as a clinical picture of recurrent edema of the lungs due to bilateral renovascular disease. 5 Even though its pathogenesis is not thoroughly understood, it is thought to arise from the volume overload due to the suppression of natriuresis. 6 A similar mechanism was proposed in RAS in functional single kidney. 7 However, it was suggested that pulmonary edema in the case of bilaterally functional kidneys and unilateral RAS might not be exclusively due to volume overload. 2 In this case, the unaffected kidney could function as compensatory even though increased renin excretion from the stenotic kidney could reduce natriuresis through angiotensin II and aldosterone. Yet, these compensatory natriuresis and diuresis might be insufficient. As in our patient, when promoting factors such as diastolic dysfunction and lack of antihypertensive treatment exist, sudden excessive increases in the renin-angiotensinaldosterone (RAA) axis can evoke FPE. To our knowledge, ours is the first case reported in association with accessory RAS. Vascular supply of the large part of the glomeruli is normal. Nevertheless, the triggering cause of rapid and severe increase in blood pressure is not well-recognized. We suggest that inadequate fluid intake during the long road trip and intravascular volume depletion could lead to present clinical picture by further inducing renin activity. Previous studies reported that intravascular volume decreased in acute and chronic heart failure even before treatment. 8, 9 Immobility, especially, is acknowledged to promote the reduction in intravascular volume. 8 Increased activation of the RAA system due to volume loss might be the reason for sudden elevation of blood pressure and FPE. Further investigations are needed to demonstrate this hypothesis.
In conclusion, FPE can occur in accessory RAS with bilaterally functional kidneys. In such cases, percutaneous renal intervention can have a part in the control of blood pressure and pulmonary edema.
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